Abstract Various model equations are available for representing the excess Gibbs energy properties (osmotic and activity coefficients) of aqueous and other liquid mixed-electrolyte solutions. Scatchard's neutral-electrolyte model is among the simplest of these equations for ternary systems and contains terms that represent both symmetrical and asymmetrical deviations from ideal mixing behavior when two single-electrolyte solutions are mixed in different proportions at constant ionic strengths. The usual form of this model allows from zero to six mixing parameters. In this report we present an analytical method for transforming the mixing parameters of neutral-electrolyte-type models with larger numbers of mixing parameters directly to those of models with fewer mixing parameters, without recourse to the source data used for evaluation of the original model parameters. The equations for this parameter conversion are based on an extension to ternary systems of the methodology of Rard and Wijesinghe (J. Chem. Thermodyn. 35:439-473, 2003) and Wijesinghe and Rard (J. Chem. Thermodyn. 37:1196-1218, 2005) that was applied by them to binary systems. It was found that the use of this approach with a constant ionic-strength cutoff of I ≤ 6.2 mol·kg −1 (the NaCl solubility limit) yielded parameters for the NaCl + SrCl 2 + H 2 O and NaCl + MgCl 2 + H 2 O systems that predicted osmotic coefficients φ in excellent agreement with those calculated using the same sets of parameters whose values were evaluated directly from the source data by least-squares, with root-mean-square differences of RMSE(φ) = 0.00006 to 0.00062 for the first system and RMSE(φ) = 0.00014 to 0.00042 for the second. If, however, the directly evaluated parameters were based on experimental data where the ionic strength cutoff varied with the ionic-strength fraction, i.e., because they were constrained by isopiestic ionic strengths (MgCl 2 + MgSO 4 + H 2 O) or solubility/oversaturation ionic strengths (NaCl + SrCl 2 + H 2 O and NaCl + MgCl 2 + H 2 O), then parameters converted by this approach assuming a constant ionic-strength cutoff yield J Solution Chem (2008) 37: 1149-1185 RMSE(φ) differences about an order of magnitude larger than the previous case. This indicates that for an accurate conversion of model parameters when the source model is constrained with variable ionic strength cutoffs, an extension of the parameter conversion method described herein will be required. However, when the source model parameters are evaluated at a constant ionic strength cuttoff, such as when source isopiestic data are restricted to ionic strengths at or below the solubility limit of the less soluble component, or are Emf measurements that are commonly made at constant ionic strengths, then our method yields accurate converted models.
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Introduction
Natural waters are aqueous mixtures of electrolytes that in some cases are very concentrated (brines), whereas biofluids such as intra-and intercellular liquids contain mixtures of electrolytes in addition to their organic and biological components. Aqueous solutions are also used as a medium for purification of electrolytes by recrystallization, ion exchange, liquidliquid extraction, etc., and for applications such as growing of high-quality crystals needed for single crystal X-ray structural determinations.
The large number of possible aqueous electrolyte mixtures, and the widespread interest in their thermodynamic properties, has generated much interest in representing, correlating, and estimating their thermodynamic properties. One of the earliest equations for representing the variation of activity coefficients with solution composition, which since then has been commonly referred to as "Harned's rule", was presented by Harned and Owen [1] . They observed that the logarithm of the activity coefficient of one solute in an aqueous common-ion two-electrolyte mixture at lower concentrations was a linear function of the molality (or molality-based ionic strength I ) of the other solute when the total molality (or ionic strength) was kept constant. When the measurements extend to moderate ionic strengths or when complex formation occurs, an additional quadratic term in the molalities (or ionic strength) is generally needed to reliably represent the data. Robinson and Stokes [2] have also discussed this approach and summarized some of the systems modeled with this equation. However, because this approach is limited to four parameters (two mixing parameters with the other two parameters being the trace activity coefficients of each solute in a solution of the other component) for the original form of Harned's rule, it is generally not able to represent activity data to their full experimental precision at high ionic strengths. Furthermore, each set of Harned coefficients pertains to a single constant ionic strength or constant total molality, and an additional set is needed each time the total concentration is changed.
Scatchard's neutral-electrolyte model [3] allows up to five mixing parameters in terms that describe mixing effects that are both symmetric and asymmetric in the ionic-strength fractions of the two electrolytes. This model is capable of accurately representing osmotic and activity coefficients of mixtures with, or without, a common ion to high ionic strengths. Rush [4] has reported mixing parameters for this model for many aqueous electrolyte mixtures at 298.15 K.
Friedman's [5] use of the cluster-expansion method produced an expression for the Gibbs energy of mixing per kilogram of the solvent for common-ion mixtures that contains an arbitrary number of terms of the form RTI 2 y(1 − y)g n (2y − 1) n , where y is the ionicstrength fraction of one of the electrolytes, R is the universal gas constant, T is the absolute
